Abstract Small changes in agricultural practices have a large potential for reducing greenhouse gas emissions. However, the implementation of such practices at the local level is often limited by a range of barriers. Understanding the barriers is essential for defining effective measures, the actual mitigation potential of the measures, and the policy needs to ensure implementation. Here we evaluate behavioural, cultural, and policy barriers for implementation of mitigation practices at the local level that imply small changes to farmers. The choice of potential mitigation practices relevant to the case study is based on a literature review of previous empirical studies. Two methods that include the stakeholders' involvement (experts and farmers) are undertaken for the prioritization of these potential practices: (a) Multi-criteria analysis (MCA) of the choices of an expert panel and (b) Analysis of barriers to implementation based on a survey of farmers. The MCA considers two future climate scenarios -current climate and a drier and warmer climate scenario. Results suggest that all potential selected practices are suitable for mitigation considering multiple criteria in both scenarios. Nevertheless, if all the barriers for implementation had the same influence, the preferred mitigation practices in the case study would be changes in fertilization management and use of cover crops. The identification of barriers for the implementation of the practices is based on the econometric analysis of surveys given to farmers. Results show that farmers' environmental concerns, financial incentives and access to technical advice are the main factors that define their barriers to implementation. These results may contribute to develop effective mitigation policy to be included in the 2020 review of the European Union Common Agricultural Policy.
Introduction
Greenhouse gas (GHG) emissions as a consequence of human activities are causing alterations in the climatic system (Pachauri and Reisinger 2007) . The levels of gases in the atmosphere define changes in the climatic systems that in turn define the impact on society and the environment. Responses to face climate change include two kinds of policy intervention: mitigation and adaptation (Fisher et al. 2007) . Mitigation refers to actions that reduce GHG emissions and enhance so called carbon sinks to limit long-term climate change. Mitigation policy is greatly influenced by barriers to behavioural change (Stern 2007; OECD 2012) . Adaptation refers to actions that help society and the environment to adjust to climate change consequences. Adaptation policy actions should not result into GHG emissions increases, and thus must consider their mitigation potential (Klein et al. 2007) .
Agriculture is an important source of GHG emissions, contributing approximately 10-12 % of global anthropogenic GHG (c.a. 6.1 Gt of carbon dioxide (CO 2 ) equivalent (eq.) per year in 2005) and accounting for about 47 % of methane (CH 4 ) and about 58 % of nitrous oxide (N 2 O) (Smith et al. 2007b ). On a global scale, the main sources of GHG released from agriculture are: (i) the significant amount of CH 4 mainly from livestock (enteric fermentation) and from rice cultivation (ii) the considerable quantity of N 2 O mainly from soils emissions and manure management; and (iii) the CO 2 from decay or burning of plant litter and soil organic matter (Smith et al. 2008; UNFCCC 2008; Snyder et al. 2009 ).
As a consequence of global mitigation policy, European agriculture has to face new policy objectives derived from the need to reduce GHG emissions. The United Nations Framework Convention on Climate Change (UNFCCC) process recognizes the significant role of agriculture in the global efforts to deal with climate change and to stabilize GHG concentrations in the atmosphere. The commitments and responsibilities agreed by the UNFCCC Kyoto Protocol include the development, dissemination and adoption of mitigation practices that reduce GHG emissions from agriculture (UNFCCC 2008) . Loosely speaking, the European Union (EU) shares a collective target to reduce GHG emissions by 20 % compared to their 1990 levels by 2020, with different individual targets depending on their emission levels (EEA 2010) . The European Trading Scheme (ETS) regulates these emissions but it does not cover the diffuse sectors such as agriculture or transport. The diffuse sectors in the EU are subjected to emissions control measures by the individual Member States' limits for approximately 10 % emissions reduction in 2020 compared to the 2005 baseline (Böhringer et al. 2009 ). Member State GHG emission limits for Spain are 10 % by 2020 compared to 2005 GHG emission levels (EC 2009a) .
The adoption of agricultural practices for GHG mitigation is a challenge for European farmers and farming advisers (Iglesias et al. 2012b) . Although the advisor's knowledge related to sustainable soil management is very comprehensive (Soane et al. 2012) , farmers' attitudes and concern about GHG mitigation need further understanding in order to reach standardized practices that meet the new policy objectives (Ingram and Morris 2007) . Agricultural management and mitigation practices to reduce greenhouse gases have been widely researched (Smith 2004; Aguilera et al. 2013 ), but there is a lack of knowledge on what cultural and social factors (such as education, information and traditional local practices, amongst others) and policy incentives have an effect on the implementation of mitigation measures (Prager and Posthumus 2010; OECD 2012) . In conclusion, further research is needed on barriers to adoption of the mitigation practices, effectiveness of mitigation potential of the adopted practices and the influence of climatic trends, economic conditions and farmer's behaviour regarding mitigation practices adoption (Smith et al. 2007b ).
The goal of this research is to assess the mitigation practices adopted by farmers at the local level and its relation to farmer specific features. This study addresses crop and soil mitigation measures and livestock is not explicitly considered. It examines the case of Aragon in Spain, a region with extensive agricultural activity, representing 10 % of the Spanish total utilized agricultural area (EUROSTAT 2013) . The research provides results on potential agricultural measures for mitigation and the barriers and incentives for their adoption at the local level. We aimed to contribute to policy development and to transfer the information to farmers' advisory services. To reach this objective, the following three tasks were carried out. First, we reviewed the state of the art of scientific knowledge on GHG mitigation measures in order to select the agricultural practices for our case study based on their mitigation potential. Second, in order to address the suitability of the selected mitigation practices, a prioritization was built based upon consultation with an expert panel and by carrying out a Multi-criteria Analysis (MCA) of their responses under two different climate scenarios. Finally, we tested the implementation of the selected mitigation practices at the local level in the case study area by conducting a widesurvey and we assessed the factors which influence the adoption by farmers of these practices by conducting an econometric analysis.
Data and methods

Methodological approach
Our methodological approach included three components to build a multi-disciplinary methodology ( Fig. 1): (1) The mitigation potential of agricultural practices was evaluated by reviewing experimental evidence of soil and crop management practices that reduce GHG emissions. The data collection in our case study area took information from existing publications and studies, analysing the agronomic experimental evidence. The result was a selection of practices that have a greater potential for mitigation.
(2) The suitability of these selected practices was then evaluated by MCA. The data for this evaluation was derived from questionnaires given to an expert panel. The result was a list of the selected practices based on the priorities given to social, economic and environmental factors. Fig. 1 Methodology framework used in this study (3) Based on farmers' responses from a survey in the case study region, an econometric analysis was undertaken to estimate the likelihood of adoption of the selected mitigation practices. This probability was calculated as a function of attitudes and farming characteristics of farmers. The result was an analysis of the barriers and incentives for adopting mitigation practices based on the outcome of the model.
The multi-disciplinary methodology accomplished for this research builds an analysis based on the combination of different methods. There is no direct link between the MCA analysis and the econometric modelling methodologies. The MCA serves to evaluate the results of the preliminary literature review on mitigation practices and to identify the most suitable mitigation practices that could be adopted to facilitate the GHG mitigation to expected climate change. The econometric analysis based on surveys to farmers serves to identify the primary mitigation practices already in place in the case study and to assess the different socioeconomic factors that influence the adoption of those measures by farmers. Both methodologies share the stakeholders' involvement (experts and farmers) and they are complementary to approach a mitigation strategy to promote the adoption of suitable practices at the local level.
The results obtained from the analysis provided valuable information that could be used to propose recommendations for mitigation policy development and farmers' advisory services in agriculture under varying climate change scenarios.
Selection of mitigation practices for the case study
The potential of reducing GHG emissions of soil and crop management practices was evaluated by reviewing agronomic experimental evidence. The data collection took information from existing publications and studies. A keyword search was performed in the major scientific databases such as Web of Science, Agris, Agricola and Google Scholar. We collected literature reporting agricultural practices for different geographical areas that show higher mitigation potential. The selection of practices that have a greater mitigation potential in terms of potential soil carbon sequestration rate are shown in Table 1 as well as the main sources considered for the selection. The study of mitigation practices has shown a broad spectrum of options that could apply to the Spanish case study. This spectrum reflects very different and sometimes conflicting views of priorities for adopting mitigation practices according to the variability of mitigation potential driven by different variables such as climate, soil type and/or cropping characteristics. Our case study is the region of Aragon, an intensive agricultural region located in the middle of the Ebro river basin in north-eastern Spain. In Aragón, agricultural activity is located in the central part since the region is bounded by two mountain ranges (i.e., the Pyrenees in the north and the Iberian range in the south). In the central part of the region where agriculture is concentrated, climate and soils are rather homogeneous with a prevailing Mediterranean continental climate and Entisols, Inceptisols and Aridisols as the main soil types (Herrero and Snyder 1997; Ninyerola et al. 2005; Badía 2011 ). These homogeneous conditions result in a low diversity of agro-ecological settings throughout the main agricultural areas of the region. We have selected the six most important practices according to the agronomic, climate and production factors for our case study.
Detailed below is the MCA of experts' choices that was carried out in order to evaluate and prioritize these selected practices taking into account socio-economic and environmental criteria. The selected practices from the literature review were also included in the surveys with farmers to then assess the barriers to the practices' adoption in the case study area of Aragon. The farmers were also asked for other relevant mitigation measures adopted by them, but there were no significant responses. Lal and Bruce 1999; Lal 1999; Lal 2004; Freibauer et al. 2004 2.3 Prioritization of practices: Multi-Criteria Analysis (MCA) of experts' choices
In order to quantify suitability of the selected mitigation measures, a MCA was undertaken involving the different experts' priorities in order to arrive at an overall score (Georgopoulou et al. 2003; Konidari and Mavrakis 2007; UNFCCC 2011) . A supporting tool was used to simultaneously account for the multiple qualitative criteria using the analytical hierarchy process (AHP). The tool is Web-Hipre software (Mustajoki and Hämäläinen 2000; Mustajoki et al. 2004 ) for decision analytic problem structuring, multi-criteria evaluation and prioritization. Both 100 to 0 partial value scales and scaling constants were interactively defined based on qualitative value judgments of 18 experts. To supply a broad outline and make the scores robust, experts from different academic sectors of Spain were encouraged to give their input. The weighted sum of the evaluations of every practice over all criteria was computed by the software. The MCA provided composite expert prioritization and a ranking of the practices on the basis of the weighted sum.
The evaluation and prioritization of mitigation choices for the study was based on the results of the literature review of mitigation practices and expert input gathered through a participatory process. A questionnaire was developed and personally implemented with an expert panel in February 2013. The group consisted of 18 experts from different academic sectors each holding stakes in agriculture mitigation practices to reduce GHG, including representatives from regional and national research institutes and universities. The requirements for the expert selection were: i) the expert performs research work; ii) the expert has been working on issues related to GHG mitigation in agriculture for a minimum of 5 years; iii) it was desirable that the experts had regular contact with farmers and extensive knowledge of the productive sector; and iv) the experts had sufficient knowledge of the different cropping systems and management to cope successfully with the six selected mitigation practices contained in the survey.
The aim was to gather information on experts' perception of the six selected mitigation practices in agriculture faced with both a current and a changing climate. To ensure a common understanding by the experts of the criteria and ensure that comparability of the results from the experts' scores, we conducted personal interviews with each of the experts. For the data input collection, the questionnaire was divided into two sections. A complete description of the six selected practices was provided to the experts in the questionnaire (see Appendix 1). The experts were advised with examples and guidelines about the criteria's meaning and how to fill in the questionnaire during the interviews. First, the experts were asked to assign values according to their priorities for the implementation of each mitigation practice on the overall feasibility criteria. The mean values resulted in a ranking of the expert's priorities for the overall feasibility of the six selected mitigation practices. The implementation was assessed on the farm level. The feasibility was measured in terms of importance for GHG mitigation and desirability for economic, social and environmental farm benefit. The scoring scale for the overall feasibility criteria ranged from 0 to 100, whereby 0 indicated the lowest importance and desirability and 100 indicated the highest. Then the experts were also asked to allocate weights to the evaluation criteria representing their priorities. These criteria were distributed into three main groups: economic, social and environmental. The experts were required to assign weights to the three groups and further to the evaluation criteria within each group. The criteria were measured in terms of importance for GHG mitigation and desirability for economic, social and environmental farm benefit. The scoring scale for the three main groups and for the 13 criteria within the groups ranged from 0 to 100, whereby 0 indicated the lowest importance and desirability and 100 indicated the highest. Second, the adoption effect of the selected mitigation practices was evaluated by the experts weighting the 13 criteria under two future scenarios. These scenarios were classified as a current climate scenario with similar climate conditions to those at present and as a climate change scenario with drier and warmer conditions based on the most likely projection according to CEDEX (2011) for Spain (a decrease in average annual rainfall of 8 % and an average increase in temperature of 2°C by the 2040s). The scoring scale ranged from −100 to 100, −100 indicated a high negative effect and 100 indicated a high positive effect of the practice for the criteria. The results of the criteria scoring were also weighed to generate an evaluation matrix with practices in rows and criteria in columns, representing the priorities of the experts.
Finally, the analysis of composite expert priorities was computed by the Web-Hipre software including the weighted sum of the evaluations of every practice over all criteria. The analysis of composite expert prioritization provided a prioritization of the practices under the two scenarios on the basis of the weighted sum. The results showed the priority ratios per group of criteria and for every practice considered. The additive value function used to aggregate the component values (Mustajoki and Hämäläinen 2000) is expressed as follows in Eq. 1:
Where the overall value of the mitigation practice per group of criteria is V j (x). The group of criteria is j (environmental, social or economic), the number of criteria is n and w ij is the weight of criteria i of the group j. The rating of the mitigation practice x with respect to the criteria i of the group j is expressed as v ij (x). The weights of the criteria w ij mean the relative importance of criteria i of the group j changing from its worst level to its best level, compared to the changes in the other criteria (Mustajoki et al. 2004) .
The experts' criteria against which the selected mitigation practices were to be evaluated are detailed below (Fig. 2): (1) Economic criteria group: CAP subsidies criteria refers to the extent of a practice's dependence on subsidies granted by the Common Agricultural Policy (CAP); the Yield variability criterion evaluates possible changes in crop yields (increases or decreases) implicated by the implementation of the practice; the Job creation criterion assesses the practice's capacity to create more farm employment and thus the promotion of sustainable economies and higher incomes and employment opportunities to the agricultural sector; Implementation criterion evaluates the additional cost of implementing the practice to the farmer; the Economic feasibility criterion evaluates the practice's feasibility in terms of economic profit margin (increases or decreases of net income due to practice adoption).
(2) Social criteria group: the Rural development criterion refers to the extent of the practice's influence on rural development. Rural development criteria is understood as a developmental model for the agricultural sector that corresponds to the needs and expectations of the society at large, and reconfigures rural resources to achieve wider rural development benefits. It must add welfare and high quality conditions to the employment in the agricultural sector to avoid its marginalization (Marsden and Sonnino 2008) ; the Farmer cooperation criterion assesses the extent to which the practice encourages cooperation between farmers, since the management of some of these practices is often linked to farmer cooperatives and organizations; Farmer training criterion estimates the extent to which the practice promotes a higher level of farmer training, since to be able to implement some of these practices the farmer will have to undergo technical training; the Transfer technology criterion assesses the extent to which the practice contributes to development and transfer technology, since the flow of information between farmers and scientist will rise according to the wider adoption of the practice. (3) Environmental criteria group: the Mitigation potential criterion assesses the practice's capacity to reduce GHG emissions; the Soil quality criterion estimates the practice's capacity to enhance soil quality; the Water quality criterion estimates the practice's capacity to enhance water quality; the Ecologic value criterion evaluates the additional ecologic value of implementing the practice.
Survey design and data
The study was complemented by a survey conducted in the region of Aragon to assess the farmer's barriers and motivation to adopt mitigation practices by conducting an econometric analysis of farmers' responses. This section of the study examines the case of Aragon, an intensive agricultural region located in the middle of the Ebro river basin in north-eastern Spain. Aragon is the fourth largest region of Spain with 4,770,054 ha and the land is largely dedicated to agriculture with approximately 1,300,763 ha of crop land and 324,354 ha of pasture and grassland (MAGRAMA 2013) . The main farming system of the Aragon region is field crops and the main cultivated crops are barley (Hordeum vulgare L.) (452,839 ha), wheat (Triticum aestivum L.) (284,713 ha), alfalfa (Medicago sativa L.) (99,079 ha) and maize (Zea mays L.) (63,884 ha) among field crops and olives (Olea europaea L.) (59,477 ha) and vineyards (Vitis vinifera L.) (37,425 ha) among permanent crops (MAGRAMA 2013). In Fig. 2 Analytical Hierarchy Process diagram of the study. The goal was to select the most suitable mitigation practice from the six considered agricultural practices. Criteria, against which each mitigation practice was measured by the expert panel, were classified into economic, social and environmental criteria Aragon, about 25 % of the total agricultural land is irrigated. Irrigated areas are mainly located in the centre of the region where water-limiting conditions are present. Annual precipitation ranges from 300 mm in the central part of the region up to 2000 mm in the Pyrenees. However, the majority of the region is within the range 300-800 mm of annual precipitation. Air temperatures also vary significantly with mean annual temperatures ranging from 7ºC to 15ºC (Ninyerola et al. 2005) .
For the main crops grown in Aragon (i.e., barley and wheat in dryland conditions), agricultural management consists in the use of intensive tillage systems to prepare planting, high fertilization rates mainly with mineral fertilizers and frequent use of herbicides to control weeds. According to data from 2012, intensive tillage in Aragon is still frequent; in fact the notillage system is currently only implemented by 10 % of the area (MAGRAMA 2013). Mineral fertilizers are still the main nitrogen source but organic fertilizers are gaining significance in the area since there is a growing intensive livestock sector in the region (Yagüe and Quílez 2010) .
Aragon accounted for 4.8 % of total GHG emissions of Spain in 2010 and the agricultural emissions in Aragon were estimated about 3.8 million t CO 2 eq, which represents 22 % of the total anthropogenic emissions in the region (16.9 million t CO 2 eq) (MAGRAMA 2012). Crop cultivation released almost 1.85 million t CO 2 eq due to nitrous oxide emissions (N 2 O) from crop and soil management. Furthermore, a recent case study identified Aragon as an intensive agricultural area in terms of emissions and accordingly assessed a number of GHG mitigation measures (Kahil and Albiac 2013) .
The input data for the econometric analysis were collected via a face to face survey of 128 farmers of Aragon in order to avoid non-response caused by non-contact and generate a greater diversity of answers (Czaja and Blair 2005; De Leeuw 2005) . Prior to the survey with the farmers, the questionnaire was tested by a group of qualified respondents to ensure questions were well worded and were relevant to the proper audience. The surveys were conducted at two meeting points for Aragon's farmers, places where the farmers usually go to buy farming supplies or to do paperwork and the selection was made on a show-up basis. The surveys were carried out across different days during March 2013. The sample included farmers with holdings covering different areas in Aragon (Fig. 3 ), but it is worth noting that this sample is not necessarily representative of the entire region of Aragon.
All farmer respondents were crop producers (100 %) and some combine crop production with livestock activity (35 %). The majority of the farmers were male (92 %) and over 36 years of age (84 %). However, only a little over half of the farmers had completed a technical degree (58 %) or had received training about the management practices (54 %). The proportion of farmers that had received training about the CAP was less than 1 quarter (23 %). In relation to land ownership, 63 % of farmers were owners of their farm land, 43 % of farmers had more than 100 ha, 24 % had between 50 ha and 100 ha, 20 % had between 10 and 50 ha and 13 % had fewer than 10 ha.
The survey was composed of 16 questions in total including check-all and forced-choice questions. In the survey participants were asked questions relating to (i) farmer characteristics such as sex, age or education; (ii) production characteristics such as size of holding, irrigation intensity or type of ownership; (iii) the current adoption of the selected mitigation practices; (iv) institutional factors such as subsidies received and advice; and (v) farmers' concern such as agricultural policy or environmental concern for the adoption of mitigation practices.
Models specification
The adoption of the best agricultural practices is the objective of many economic studies to explore the key determinants of this decision (Prager and Posthumus 2010; OECD 2012) . In each case it is necessary to identify the most appropriate econometric tool in order to measure the influence of cultural, social or economic factors in the adoption decision. The decision making process to assess the adoption of mitigation practices in this study has been divided into two analyses: the intensity of adoption and then the rate of adoption for each individual mitigation practice. Different econometric models have been used in order to determine what are the most relevant factors influencing the mitigation practices adoption in our case study: (i) a logistic Poisson and a Negative Binomial regression which are count data models to determine the factors affecting the adoption intensity (Rahelizatovo and Gillespie 2004; Isgin et al. 2008) ; and (ii) a logit binomial to determine the relevant factors for each individual mitigation practice (Johnson et al. 2010; Ward et al. 2008) .
The Poisson regression model can be considered the starting point for count data analysis. In our case of study, the Poisson model is used to model the number of occurrences of the event of interest and the adoption of the selected mitigation practices is our event of interest (Cameron and Trivedi 2005; Gujarati and Porter 2009) . The associated density function is expressed as in the following equation (2).
Where y i is the adoption intensity of the selected mitigation practices by farmer i and x i are variables that affect the adoption of these practices. The factorial parameter y! is split as y!= y*(y−1)*(y−2)*2*1 whereas the mean parameter or intensity μ i represents the expected number of events and is expressed as in Eq. 3. The Poisson regression model is estimated by maximum likelihood. Some important conclusions are derived from the marginal effect concept, meaning that the change in the conditional mean of y when the regressors x change by one unit (4).
A negative binomial analysis as a statistical test has been carried out to allow an adjustment for the presence of over-under dispersion (variance of y i greater or lower than its mean value) after running a Poisson regression. Overdispersion might mean that the regression experiences problems with inconsistency, deflated standard errors and grossly inflated t-statistics in the maximum likelihood output.
A binomial logit model was specified to estimate the likelihood that given farmer and production characteristics and farmer behavioural traits would affect the probability of farmers adopting each specific selected mitigation practice. The logistic distribution function represents a generalized form of the model for each dependent variable (5) 
Where Z i =β 1 +β 2 *X i and X i are the logit model independent variables chosen for the regression.
As long as Z i is between −∞ and +∞ the probability the farmer adopts the considered mitigation practices is placed between 0 and 1. As written in Eq. 6, the logit model implies that the logarithm of the ratio is linearly related to X i . Hence, when the logit result is positive, the more the value of the regressor increases and the more likely the value of the regression is closer to one.
Variables influencing farmers' decision to adopt mitigation practices
This section discusses variables that are hypothesized to influence the adoption of mitigation practices and are used in the econometric models. While the adoption literature has covered a wide range of causation factors affecting the adoption of best agricultural practices and technology (Rahelizatovo and Gillespie 2004; Johnson et al. 2010; Isgin et al. 2008; Ward et al. 2008) , there is limited research investigating the specific determinants affecting adoption of mitigation and adaptation practices to climate change (Cary et al. 2001; Prager and Posthumus 2010; OECD 2012; Tambo and Abdoulaye 2012; Archie 2013) . The explanatory variables used in this study to explain adoption decision are based on both the theoretical and empirical literature of agricultural practices adoption. The implementation of new practices is closely related to innovation or implementing a new idea (Feder and Umali 1993) . For example, age and education are essential determinants to innovation (Kivlin and Filegel 1966) and to agricultural innovation (Feder and Umali 1993; Sunding and Zilberman 2001) . At the same time, there is considerable literature on attitudes of the public towards environmental commitment and climate change (Eurobarometer Survey on Climate Change 2011) and on people's support for climate change policies (Bryan et al. 2009; García de Jalón et al. 2013; Hanemann et al. 2011 ). This broad range of studies support the idea that implementation of new choices is determined by a common set of individual characteristics. Therefore here we have selected a set of factors that are closely related to innovation and environmental commitment. The explanatory variables fall under four categories: farmer characteristics, production characteristics, institutional factors and farmers' concerns. Table 2 summarizes the descriptive statistics of the variables in the empirical models. The different factors of mitigation practices adoption may explain more or less effectively the adoption decision facing the farmer. The adoption of mitigation practices varies according to several technical requirements (e.g. machinery, agro-chemicals, fertilisers, seeds), economic requirements (e.g. labour, investment) and consequently results in different risks levels for the farmer. Therefore the factors that influence the range of practices that the study considers are expected to vary among practices. For example, the importance of subsidies varies among practices and so does the additional level of private investment. Education may be linked to technical knowledge required for implementation. The adoption and the hypothesized explanatory variables were assumed to have a log-linear relationship, the adoption in the logarithmic form and the explanatory variables in the linear form, according to the following studies. We consider the age and education of the farmers which has been known to influence the decision to adopt mitigation practices (Johnson et al. 2010; Rahelizatovo and Gillespie 2004; Isgin et al. 2008; Ward et al. 2008; Tambo and Abdoulaye 2012; Archie 2013) . The ownership of land (Landowner) was also supposed to have a noteworthy effect on the farmer's willingness to implement mitigation practices (Prager and Posthumus 2010; Knowler and Bradshaw 2007) . Based on previous studies, the farm size in hectares of cropped land was considered a significant factor influencing the adoption of mitigation measures (Norris and Batie 1987; Knowler and Bradshaw 2007; Isgin et al. 2008; Tambo and Abdoulaye 2012 ).
Furthermore we looked at the irrigation intensity, known to play an important role in the farm production, and hence was assumed to have a significant influence on the decision to adopt mitigation practices or not. Financial incentives (subsidies) were presumed to be highly significant determinants of adoption decisions also. Techadvice and Pacadvice were also considered as influential factors representing respectively levels of technical and policy advice received regarding training and information about new practices and changes in related agricultural policy. Prager and Posthumus (2010) pointed out that concern and knowledge of agricultural policy and legislation represents a significant determinant to encourage attitude change (Awareness1). Literature reviewed also showed the importance of having environmental motivation or climate change awareness (Awareness2) to increase the adoption of mitigation practices (Morris and Potter 1995; Prokopy et al. 2008; Tambo and Abdoulaye 2012) .
In summary, all our variables were hypothesized to influence the probability of a farmer adopting the mitigation practices under consideration. They were also hypothesized to have a positive impact on adoption decisions, except the age of the farmers which was hypothesized to have a negative effect.
Results and discussion
Expert priorities of mitigation practices
The participatory process (expert's panel and questionnaire) provided a ranking of the feasibility for the implementation of the selected mitigation practices (Fig. 4) . The percentages were distributed as follows: intercropping (67 %), crop rotations (64 %), fertilization with animal manures (62 %), zero/reduced tillage (61 %), optimized fertilization (55 %) and cover crops in orchard systems (41 %). Most of the practices showed similar percentages except that of cover crops in orchard systems. The fact that this practice was less favoured by the experts may be related to the relatively small area dedicated to permanent crops compared with cereals (34 % vs. 66 % out of Spain). It may further be influenced by the current extent of knowledge on cover crops in orchard systems compared with the other practices proposed which have been more extensively studied and more widely understood in Spain (MAGRAMA 2013). Thus, the experts chose intercropping and crop rotation as their preferred practices in terms of their feasibility potential. This may be due to the similarity between intercropping and crop rotations in terms of management requirements and benefits achieved in GHG mitigation. They are agricultural practices that may be implemented immediately and help to mitigate GHG emissions with relatively low-cost and no major technological requirements. The multiple benefits associated with the adoption of these two practices have generated widespread social acceptance and scientific consensus. West and Post (2002) analysed a global database of 67 long term experiments and reported that enhancing crop rotation may sequestrate an average 20 ± 12 g m −2 years −1 of soil organic carbon (SOC). Lal (2004) reported positive effects from rotations based on appropriate cover crops or pastures for enhancing SOC concentration. Other studies (Lal and Bruce 1999; Paustian et al. 1997; Lal 2004) found that benefits on SOC increases and C sequestration may be accentuated when using intercropping due to more efficient nutrient use and reducing fertilizers application rate.
The allocation of the criteria weights was determined by the experts' priorities of the three main groups: environmental, economic and social. These were distributed as 44 %, 35 % and 21 % respectively. Within the environmental group, the most valued criteria were the mitigation potential criterion and the soil quality criterion (Table 3) .
The results of the analysis of expert composite priorities (Fig. 5) showed similar trends between experts' priorities for both the current climate and the climate change scenario. Experts showed greater acceptance of practices such as optimized fertilization and cover crops and minor acceptance in the practice of fertilization with animal manures according to this analysis.
For both climate scenarios considered, mitigation practices that showed higher scores for most of the criteria were optimized fertilization and cover crops reflecting a greater positive Fig. 4 Feasibility of the selected mitigation practices according to the expert panel and questionnaire results based on qualitative value judgments of experts effect on GHG mitigation by implementing them. Optimized fertilization stood out for its capacity to enhance water quality and the extent to which the practice's adoption would contribute to develop and transfer technology (Smith et al. 2007a; Snyder et al. 2009 ). Moreover, it has been observed that when fertilizer was used more efficiently soil C sequestration is enhanced (Follet 2001) . In relation with the capacity of cover crops in orchard systems, it was also noted the capability to enhance both soil quality and the additional ecologic value for implementing the practice. Improvements in the soil organic matter content, microbial biomass C, and the microbiological function have been reported under this practice (Steenwerth and Belina 2008) . Thus, the potential for C sequestration with this practice is significant and noteworthy particularly in Mediterranean agroecosystems (Nieto et al. 2013 ).
The MCA analysis under current climate scenario also showed a negative effect of the capacity of zero tillage to create more farm employment, since the adoption of this practice may reduce the labour needs. The adoption of reduced/no-tillage practice has been widely highlighted for their mitigation potential (Lal and Kimble 1997; Lal and Bruce 1999; Follet 2001; Ogle et al. 2005; Álvaro-Fuentes and Cantero-Martínez 2010) . The success of the practice has been associated with the advance in weed control methods and farm machinery (Smith et al. 2008) thus reducing the need for manual labour. Besides, the adoption of reduced/no-tillage practice showed high benefits on the soil quality and low costs of implementation for the farmers. Concurrently, the MCA analysis under current climate scenario showed a negative effect of fertilization with animal manure on the additional cost of implementing the practice and on water quality. Fertilization with animal manures demands large management requirements such as improved storage and handling and it could have adverse effects due to higher costs (Smith et al. 2007a ). In addition the cost associated with the application of the animal manure in the field (labour and fuel) can make fertilization with animal manure a more expensive practice than mineral fertilization. The MCA analysis also highlighted the beneficial effect of fertilization with animal manure on its capacity to enhance soil quality and crop yields, as well as the extent to which the adoption of this practice would contribute to develop and transfer technology. However, this practice should be taken with caution since despite there is a positive mitigating effect of applying fertilization with animal manures on reducing CO 2 emissions, there could be increases on N 2 O emissions and negative effects on water quality (Smith et al. 2008) .
For the climate change scenario, under a drier, warmer climate the need for these practices will be greatly increased, hence the reluctance to adopt them will be diminished and the relative benefits associated with their implementation more pronounced (Álvaro-Fuentes and Paustian Aguilera et al. 2013) . Although all scores increased, adoption of optimized fertilization and cover crops still had the greatest positive effect. The negative effect of implementation cost and water quality was reduced for fertilization with animal manure, which although beneficial under current climate conditions, will be more worthwhile under the climate change as predicted and so it will be the investment in this change of practice. The dual role of some of these practices in mitigation and adaptation reinforces the need for adoption under the climate change scenario, as is the case of the direct seeding/reduced tillage practice which encourages the retention of water soil content whilst reducing GHG emissions.
We have synthesised results in a simple qualitative ratio of the effort (level of costs to farmers) to benefit (potential mitigation benefit) of the different mitigation measures listed in Table 1 . Based on the expert responses under the two scenarios, cost marks were assigned 1, 2, 3 and 4 values for the calculation. Figure 6 summarizes the effort to benefit ratio (y axis) for the mitigation measures (x axis). In general, measures that present a higher effort to benefit ratio, also show a higher level of uncertainty, such as the case of the measures for reduced tillage and fertilization with animal manures. The measures that are more widely accepted by experts have a relatively low effort to benefit ratio, but in contrast they show less uncertainty, suggesting that synergies decrease the uncertainty.
Farmers' response to adopt mitigation practices
Recent studies have focused their interest on the wider range of motivations for farmers' decisions that can improve the adoption of agricultural practices with significant mitigation potential of GHG emissions (Cary et al. 2001; OECD 2012) . Since financial incentives, education, information and production characteristics influence the outcome of policy incentives, more attention needs to be paid to the knowledge on how these factors influence the adoption of mitigation practices at local level to facilitate the work of European policy makers (Prager and Posthumus 2010) .
Level of mitigation practices adoption
The percentages of sampled farmers adopting each of the mitigation practices considered for the analysis are detailed in Table 4 . The most frequently adopted practice was crop rotation, with an adoption rate close to 69 %. This could be accounted for by the fact that the farmers of Aragon are aware that by rotating they can achieve higher benefits since this practice is economically motivated. The high adoption rate of crop rotation can be also explained by the widespread modernization of irrigation systems in field crops of Aragon (Lecina et al. 2010) , because the farmers with modern sprinkler systems are more willing to rotate two crops per year (winter crop -cereal or leguminous and summer crop -maize) in order to obtain higher crop yields. There are also areas where alfalfa is widely grown for 4-5 years, which involves rotation of different crops at the end of this period for a similar time. Reduced tillage/no tillage and fertilization with animal manures were relatively frequently used mitigation practices, being adopted at rates of approximately 63 % and 51 % respectively. The practice of reduced tillage/no tillage is seemingly quite well promoted in the region by local cooperatives, agricultural associations, agricultural unions and research groups given its numerous benefits to both farmers productivity and environmental sustainability. In fact, Aragon is the second autonomous community of Spain with the largest adoption rate of direct seeding; representing 18.5 % of the Spanish total (MAGRAMA 2013). The relative swiftness of its implementation coupled with support and advice from external groups has contributed to this being a favoured option of many farmers. With regard to the application of animal manure, it is worth noting that 35 % of the farmers questioned combine both crop cultivation and livestock farming and thus the use of animal manure as fertilizer amongst these farmers and their neighbours is relatively prevalent. However in order for the practice to become more widespread, the manure must be available in sufficient quantities and at the appropriate moment and the application time and cost would have to be reduced significantly, otherwise it does not represent a worthwhile investment for the farmers concerned. Mitigation practices with adoption rates lower than 50 % included optimized fertilization and intercropping. Cover crops in orchard systems seemed to be the lowest mitigation practice with approximately 22 %. However this small percentage can be accounted for by noting that in Aragon permanent crops are not widely practised. Whilst it could be a useful mitigation practice where applicable, in Aragon only 18 % of the cropland is used for permanent crops such olive groves and vineyards (MAGRAMA 2013) and is as such, not as applicable in this region. Table 5 shows the frequency distribution of the number of mitigation practices by Aragon farmers sampled. The survey offers evidence that 115 farmers out of 128 in the sample had adopted at least one mitigation practice which implies a very high overall adoption rate close to 90 %. The sampled farmers adopted about 2.82 on average. Table 5 also demonstrates that only 13 (c.a 10 %) of these sampled Aragon farmers had adopted none of these mitigation practices, and thus it does not explicitly consider an excess zeros problem. While the majority (83 %) of the adopters had adopted 4 or fewer mitigation practices, only 17 % of these farmers adopted 5 or more practices.
Determinants of the intensity of mitigation practices adoption
The results of the Poisson and Negative Binomial models are shown in Table 6 . The estimates associated with the marginal effects for the Poisson model are shown in Table 7 . The likeness value of mean (2.82) and variance (3.09) of the dependant variable Mitigatpractices (adoption intensity of mitigation practices) suggested the appropriateness of using the Poisson model due to the equality property of the mean and variance. To adjust the standard errors in the presence of overdispersion (the variance is larger than the mean), the method of estimating the maximum pseudolikelihood (robust standard errors) has been applied, providing the robustness of the Poisson to distribution misspecification. The results from the Poisson and Negative Binomial models were very similar. We performed the Wald statistical test to assess the significance of coefficients and the fit of the Poisson model with our dataset. The Wald test works by testing that all of the estimated coefficients are simultaneously equal to zero (Buse 1982) . The null hypothesis that the coefficients are equal to zero would imply that no explanatory variable has an effect on the number of practices adopted. Based on the p-value associated with a chi-squared of 80.76 generated by the Wald test for the Poisson model, we can reject the null hypothesis at the given level of significance. This result indicates that the coefficients for our independent variables are not simultaneously zero and the inclusion of these variables helps to statistically improve the fit of the model.
Deviance and the Pearson goodness-of-fit chi-squared tests help to assess the fit of the model (Cameron and Trivedi 1986) . We cannot reject the null hypothesis that our data are Poisson distributed since the tests are not statistically significant. Therefore, we conclude from these results that our model fits reasonably well.
Our results suggest that the factors that are positively influencing the farmer's decision to adopt or implement a greater number of agricultural practices are: advice on practices technology and management, advice on the CAP, economic incentives for the adoption of these practices and motivation or awareness of environmental type. We tested the correlations between the explanatory variables by practice and these factors were not significantly correlated in the model. However, the advice about the CAP and the economic incentives variables can be related since increases in the farmer's knowledge about the CAP from adequate sources might hence increase the incentives that the farmers are receiving thus far.
According to our study, keeping the other variables constant, if you increase the advice about the management of the practices, it is expected that mitigation practices adoption would increase significantly. In the same way, an increase in CAP advice would mean an increase in the mitigation practices adoption. These results concur with the studied literature (Cary et al. 2001; Prager and Posthumus 2010; Tambo and Abdoulaye 2012) which states that farmers who attended training courses and had access to technical and policy information adopted more mitigation practices. Further if environmental awareness (awareness2) was increased, it is expected that the mitigation practices adoption would also increase. The fact that increasing the awareness of climate change would lead to increased adoption of mitigation measures is concurrent with many previous studies (Morris and Potter 1995; Prokopy et al. 2008; Tambo and Abdoulaye 2012; García de Jalón et al. 2013) .
This study showed that economic factors have a very significant impact on the adoption of mitigation practices by farmers surveyed in Aragón. For example, for an increase of subsidies, it is expected that the mitigation practices adoption would increase. Smith et al. (2008) showed that the economic limitations may be a strong barrier to the adoption of mitigation practices, reducing the agricultural GHG mitigation to less than 35 % of the total biophysical potential by 2030. A broad range of research focuses on financial incentives measured as monetary compensation or subsidies by mitigating GHG emissions efforts, but behavioural barriers including educational, social and policy constraints have been found to limit the effect of economic incentives on adoption of mitigation practices (Prager and Posthumus 2010; OECD 2012) .
The other variables involved in the equation, although not significant, showed a sign of regression coefficient in line with our assumptions, which may be due to the small number of collected observations.
Determinants of individual mitigation practice adoption
The logit binomial model provides a more detailed understanding of the factors influencing the adoption of agricultural mitigation practices. These results define the influence of the factors for each individually considered mitigation practice (Table 8) .
Subsidies and Awareness2 (environmental motivation) seem to be key factors in the adoption of cover crops as hypothesized. However, the Landowner variable negatively affected the adoption of cover crops implying that our hypothesis was incorrect and that the fact of being a landowner in effect reduces the likelihood to adopt the practice of cover crops. However the limited extent of permanent crops in the sampled area may have affected this result.
The practice of reduced tillage and direct seeding seems to be more influenced by Age, Size, Techadvice and Pacadvice. This implies that older farmers are less likely to adopt the practices of reduced tillage and direct seeding, suggesting these relatively new practices are not seen as viable by more traditional farmers. This agrees with Cary et al. (2001) who found that younger farms are often more aware of soil degradation and so reducing tillage and directly sowing their seeds could be seen as advantageous to a young well informed farmer. Prager and Posthumus (2010) similarly noted a greater uptake amongst young farmers and larger farm holdings, concurrent with our results. As hypothesized, increased dissemination of information about the management of reduced tillage and more advice concerning relevant agricultural policy would incentivize the adoption of this practice.
The influence of Techadvice and Pacadvice seem to be common factors in the adoption of many mitigation practices, especially concerning optimized fertilization. This influence could be due to the close link between optimized fertilization, scientific advances, technological transfer and agricultural and environmental policy objectives. Furthermore, the influence of Techadvice seems to have a positive impact on the adoption of animal manure. These results reflect that which has been discussed previously regarding the technical knowledge required for the storage, handling and application of animal manure.
Crop rotation is positively influenced by Education, Subsidies, Pacadvice and Awareness2. This coincides with the relevant literature which has previously found that farmers with a technical education are expected to be more likely to adopt a mitigation practice (Rahelizatovo and Gillespie 2004; Knowler and Bradshaw 2007; Ward et al. 2008; Tambo and Abdoulaye 2012; Archie 2013) . Similarly to reduced tillage, as the farmer ages, the crop rotation rate is expected to decrease by 0.343, perhaps for the extra labour and change in working practice implied, normally assumed to be a bastion of the young.
Factors influencing the adoption of intercropping are Subsidies, Irrigation and Awareness2. As intercropping implies a greater cultivated area and hence greater water demand, thus those farmers who already have an established network for irrigation would be more likely to implement intercropping. Similarly to the uptake of cover crops, increased awareness of environmental welfare would also imply a greater likelihood that the practice would be adopted.
Several studies found that the farmers were not motivated to adopt mitigation or agri-environmental practices if they did not receive compensation for implementing them (Poe et al. 2001; Bracht et al. 2008; Hellerstein et al. 2002) . The financial incentive seems to be the most attractive option for the farmer's adoption decision (Prager and Posthumus 2010) . Subsidies are significant to farmers and this variable is significant in practices that may receive direct or indirect financial incentives in the form of subsidies. Crop rotation is the only practice that currently receives direct subsidies in Aragon out of our six selected mitigation practices, however intercropping and cover crops may be eligible for subsidies when associated with legume species subject to the environmental commitment of the CAP. The practices that do not receive subsidies may require a higher level of private investment and therefore their implementation relies only on the possible economic benefit for the farmer. As most farmers already use fertilizer, a change to optimized fertilizer or animal manure does not necessary imply a great modification to the status quo and reduced tillage if anything requires less work and thus financial incentives for these practices are not so imperative.
Conclusions
There are some major limitations of our findings. First, the study does not address the full range of mitigation practices. The list of selected mitigation practices is limited and only included the measures that are likely to be relevant in the region. This selection is based on the applicability of the practice given the current structure of the farming systems, agro-climatic limitations and the production factors of the case study. The selected measures addresses crop and soil mitigation, since over ninety percent of the farming systems are cropland. Livestock mitigation measures are not considered. Second, the expert panel for the MCA was only composed of academics and despite many of them belonging to policy committees and policy advisory boards; it could be more policy relevant to include the views of policy-makers, practitioners and farmers. The MCA included qualitative criteria, resulting in difficult comparison among experts' opinions. A derived shortcoming is that the qualitative criteria is limited in capturing variability among the respondents and beyond that, some of the qualitative criteria seem to be reasonable interlinked and overlapping; therefore the low variability of our results in the different climate scenarios may be a consequence of using qualitative criteria. In spite of this shortcoming, farmers are more likely to respond to qualitative than quantitative criteria when they perceive that the question is not directly related to their expertise. In addition some of the open questions provide limited information for the quantitative process. The key question of cost-effectiveness was not explicitly considered. As an alternative, the responses were used to estimate the effort to benefit ratio of each measure. Third, the survey sample is relatively small and it is not necessarily representative of the entire Aragon region, although, the gender, education and land holding structure are fairly in line with the region's demographics. It would be of great interest to conduct a similar study with a larger number of participants to consolidate our preliminary findings. Finally, the econometric models applied to the survey results only provide an evaluation of the effectpositive or negative -of the determinants on the adoption of practices and do not provide a monetary evaluation. The influence of different determinants on adoption of mitigation practices is a useful factor to define the measures that are likely to be adopted and evaluate barriers to implementation. Future research is needed in order to further understand the underlying reasons for adoption of mitigation practices and how local knowledge can be used in the wider policy context. Despite these limitations, the analysis advances our knowledge of differing public support for climate change mitigation policy by providing increased comprehension of the variety of reasons farmers oppose or support mitigation policies and their relationship to the socio-demographic characteristics which could be used to predict mitigation policy support in a geographically and socially diverse area. The methodology developed could be applied on a larger scale, in different regions and under different climatic scenarios.
The study suggests that the design of agricultural mitigation strategies in Aragon must give additional importance to the adoption of agricultural practices such as cover crops in orchard systems and optimized fertilization. These were selected by the expert panel to be the most suitable practices under both the current climate and a supposed warmer, drier one given their capacity to improve water quality and enhance soil carbon sequestration. Both practices were widely accepted by experts and had a relatively low effort to benefit ratio in terms of implementation costs and mitigation potential. The results from the literature review suggest that the adoption of these practices could benefit the agricultural mitigation in Aragon by soil carbon sequestration rates ranging between 0.65 and 1.55 t CO 2 ha −1 per year for at least 7.5 % of the total croplands and 0.36-0.62 t CO 2 ha −1 per year for all the croplands area. Furthermore, the adoption of optimized fertilization has been reported to contribute to the dissemination and transfer of knowledge of scientific research and innovation to the farmers by establishing a channel of communication where farmers can be made aware of such advances. No single strategy is completely effective and a combination of regional plans, advisory services, research and private measures, should be implemented.
Our results confirm the main findings of previous studies which have proposed that both financial and non-financial incentives affect the farmer's decision to adopt mitigation practices. The main factors influencing the adoption rate of the mitigation practices considered in this study were; whether or not financial subsidies were received, whether technical advice was readily available, whether political advice was accessible and the environmental concern of individual farmers. Thus the adoption of these practices should be encouraged with policy measures which include financial incentives while promoting environmental awareness and technical training. As these practices are widely seen to be advantageous, in terms of their mitigation potential and soil quality, it stands to reason that the better informed the farmers are, the more likely they are to adopt these beneficial practices. The dissemination of scientific advances, technical information and agricultural policies relating to these mitigation practices reach the farmers by extension services, however great improvements are needed given that current farm advisory services are limited and poorly funded (EC 2009b) , especially in Spain. Finally, it is not surprising that financial incentives play an important role in encouraging the agricultural population to adopt cover crops, intercropping and crop rotation. Advisory services need interventions in order to ensure adequate access to policy and technical information, especially for the adoption of crop rotations, optimized fertilization, reduced or zero tillage and fertilization with animal manures.
The results show that there is considerable potential for improving agricultural mitigation and support for mitigation policies in the region. Motivation and barriers are affected by demographic determinants, which indirectly influence individuals' support for mitigation policies (Iglesias et al. 2012b) . In this study, the main sociodemographic determinant which affected farmers' likelihood of adoption is knowledge. Future work may consider a deeper assessment of farmers' attitude towards climate change as well as the role of socio-demographic determinants. Consequently, this would be particularly relevant for increasing farmers' education level in order to enhance support for mitigation policy. To this end, a choice modelling method based on farmers' opinion using field surveys seems to be particularly appropriate.
2. Assessment of the six selected mitigation practices: Weight the effect of the mitigation practice adoption against each of the criteria under the two climate scenarios (tables P1, P2, P3, P4, P5 y P6). -100 0 +100
Worst negative effect Neutral effect Best positive effect (2011) for Spain (a decrease in average annual rainfall of 8 % and an average increase in temperature of 2°C by the 2040s).
Example to evaluate a measure: "start a timber industry in the Amazon" with the aim of improve the economic situation of the area. 
